The number of Diabetes Mellitus (DM) patients has been increasing. Several risk factors linked with Type 2 DM are overweight, lack of exercises and an unhealthy diet. The level of zinc serum DM patients is also lower than that of non DM and this is associated with poor blood glucose control. The research objective is to reveal the correlation between BMI (Body Mass Index), physical activity, level of zinc serum with level of fasting blood glucose on Type 2 DM. The research used a cross sectional design. The study sample was 34 Type 2 DM patients in 3 health centers in the city of Surabaya that were taken by consecutive sampling method. The Rank-Sprearman correlation test analysis revealed that there were correlations between physical activities (p = 0,001, r=-0,592), zinc serum levels (p=0,050, r=-0,339) with fasting blood glucose, and that there were no correlations between BMI (p=0,680, r=-0,073) and fasting blood glucose levels. It was concluded that the research revealed that there were correlations between physical activities, zinc serum, and fasting blood glucose, and that there were no correlations between BMI and fasting blood glucose of Type 2 DM patients.
INTRODUCTION
Epidemiological researches have shown tendency towards the increased number of incidence and prevalence of type 2 DM worldwide, a trend that has become a global health issue [1] . In 2017, Indonesia ranked 6th and included in the top 10 countries for the number of people with diabetes with 10.3 million sufferers [2] . DM risk factors consist of unmodified risk factors such as age, race, ethnicity, family health record, gestational DM record and modifiable factors such as overweight, lack of physical activity, hypertension, dyslipidemia and an unhealthy diet [1] . Excessive or overweight BMI especially obesity is likely to be a cause of insulin resistance [3] , so lifestyle modification, one of which focuses on diet and physical activity remains the cornerstone of Type 2 DM management [4] .
Type 2 DM is a multifactorial disease specifically related with energy metabolism, especially controlling carbohydrates and fats [5] . Some nutrients (other than carbohydrates) associated with blood glucose levels are: protein, fatty acids, vitamin D, vitamin K, zinc, magnesium, chromium and sodium [6] . Zinc concentrations is significantly lower on diabetic than non-diabetics [7] . The lower zinc level on Type 2 DM patients is correlated with a higher prevalence of diabetes microvascular complications. Patients with lower zinc levels have worse glucose control and β cell function [8] . This research is aimed at revealing the correlations between the Body Mass Index, physical activities, the level of zinc serum, and the level of fasting blood glucose of Type 2 DM patients.
METHOD
Conducted in February -March in some Puskesmas (Public Health Center) in Surabaya, the research used a cross sectional design. The population in this study was Type 2 Diabetes Mellitus patients who were members of Prolanis (Program Pengelolaan Penyakit Kronis/Chronic Disease Management Program) in 3 Public Health Centers in Surabaya namely Kalijudan, Rangkah and Pacarkeling Health Centers. The inclusion criteria of sample included: men and women, 30 -60 years old of age, Type 2 DM patients without serious disease complications such as heart, kidney, and stroke and were willing to participate in research as evidenced by the agreement on informed consent. Exclusion criteria were samples of pregnancy, relocation and resignation. Data on the characteristics of the research subjects included age, education, occupation, and duration of suffering from DM obtained through interviews. Research variables included BMI, physical activity, serum zinc levels and fasting blood glucose levels.
The variables used are those previously researched variables, such as that of Adnan et al. [9] analyzing the correlation between IMT with blood glucose of diabetics, and that of Nurayanti and Adriani [10] , and Azitha et al., the three of which analyzed the correlation between physical activities and blood glucose [11] . However, the risk of losing some nutrients on diabetics, especially micro nutrients must also be taken into consideration. One of the micro nutrients that is lower on diabetics compared to non-diabetics is zinc [7] . Thus, the research is aimed at analyzing the correlation between BMI, physical activities, and the zinc level of zinc serum and blood glucose on the same subjects, the type 2 DM patients to control blood glucose level to avoid further complications. This research was approved by Health Research Ethics Committe of The Faculty of Medicine, Sebelas Maret University Surakarta. Subject who participated in this study had to sign an informed concent. The method of the research data sampling on those variables involve the following factors:
Body Mass Index (BMI)
BMI measurement is done by measuring body weight and height. Measuring weight uses tread scales with a capacity of 150 kg and accuracy of 0.1 kg. Furthermore, measurement of height uses microtoise with of 0.1 cm accuracy. BMI is obtained through the formula: weight (kg) / height (meters 2 ).
Physical activitiy
Measurement of physical activity uses the PAL (Physical Activity Level) questionnaire through interviews. The components in the PAL questionnaire are activities that are carried out daily for 24 hours and consist of: general activities, transportation activities, household activities and other work related activities.
Serum zinc levels
The level of zinc serum analyzed using Atomic Absorption Spectrophotometer (AAS) method by means of a microwave digester. Patients' vena blood was taken 8 ml and later was centrifuged to acquire a 3 ml serum sample to analyze for the zinc level.
Fasting blood glucose levels
The analysis of the level of fasting blood glucose was 1 ml venous blood taken in the morning after a minimally 8 hours of overnight fasting and was measured in mg/dl. The analysis used an automatic chemistry analyzer.
The data obtained were processed using SPSS 22 software covering the characteristics of the research subjects, data normality tests using Kolmogrov-Sminov and Rank-Spearman correlation test used to analyze the relationship between BMI, physical activity and serum zinc levels with fasting blood glucose levels due to abnormal data distribution.
RESULT AND DISCUSSION
The subjects of the research were 34 people of 36 -60 years old of age, whom were mostly female. Their education varied from uneducated to higher education graduates. Most subjects were housewives. The length of DM development is less than 1 year. Subjects' characteristics can be seen on table 1. The average BMI of the study subjects was 27,17 and classified as obesity. Subject activities in this study are expressed in Physical Activity Level (PAL) with a mean of 1,62 which is classified as low activity. The mean value of serum zinc level 35,36 is included in the less category. Most subjects had blood glucose levels above normal with an average of 164,59 mg/dl (table 2) . The results of data analysis showed that there were no significant correlations between BMI and fasting blood glucose (p> 0,050). Physical activity and serum zinc levels are significantly associated with fasting blood glucose levels with the direction of a negative/inverse relationship, namely the lower physical activity and serum zinc levels the higher fasting blood glucose levels. Table 3 . Relationship between BMI, physical activity, serum zinc levels and fasting blood glucose levels.
Variable
Fasting blood glucose level r p BMI -0,073 0,680 Physical Activity -0,592 0,001 Serum Zinc Level -0,339 0,050
Relationship between BMI and Fasting Blood Glucose Levels.
The results showed that there was no significant relationship between BMI and fasting blood glucose levels (r = -0.073, p = 0.680). This is because IMT does not describe body fat distribution. Some references states that abdominal obesity is more closely related to increased fasting blood glucose levels compared to general obesity. A meta-analysis comparing BMI ≥ 30 and waist size ≥ 102/83 concluded that a waist size ≥ 102/83 is a better predictor than BMI in detecting diabetes development, especially on female. Central obesity is a more serious risk factor. [12] .
Obesity is defined as BMI > 30 kg/m 2 . However, as a parameter definer, BMI does not serve to differentiate fat free mass and fat mass and does not account for fat distribution. Obesity -related risk factors do not depend on obesity, but on the regional distribution of body fat excess. Furthermore, obesity may also trigger oxidative stress. In obesity, high levels of glucose or fat free mass circulating may increase the production of ROS (Reactive Oxygen Species), proven to reduce the expression insulin gene and insulin secretion [13] .
Relationship between Physical Activities and Fasting Blood Glucose.
A statistical analysis showed a significant correlation between exercise and the level of fasting blood glucose (r=-0.592, p=0.001), which is relevant to a research by Ngaisah [14] showing a significant correlation between the frequency of exercise with the level of blood glucose on a non-diabetes female group. A meta-analysis research by Boniol et al [15] to 56 studies stated that the increase of exercise was related with the significant decrease of fasting blood glucose and HbA1c. The 100 minute increase of exercise per week was related with 4.71 mg/dl decrease of fasting blood glucose on type 2 DM and prediabetes.
A recommended physical activity for Type 2 DM patients is daily physical activity and physical exercise that is carried out regularly 3-5 times a week for 30-45 minutes with a total of 150 minutes per week. The gap between exercises is no more than 2 consecutive days. Daily activities or daily activities are not included in physical exercise but are still encouraged to be active every day [1] .
The research subjects were mostly housewives above 50 years old of age with a category of activity including low, while the results of the fasting blood sugar level examination were mostly high, with an average of 164mg/dl. Sports activities carried out are gymnastics and carried out once a week on Prolanis gymnastics activities. According to Ngaisah [14] , there is a relationship between low exercise activity as a risk factor for diabetes mellitus. The duration of exercise is most closely related to blood glucose status, followed by aspects of exercise routine and frequency.
Relationship between Zinc Serum Levels and Fasting Blood Glucose.
The results of the statistical analysis showed that there was a significant relationship between serum zinc levels and fasting blood glucose levels (r = -0,339, p = 0.050) and negatively correlated or inversely proportional. These results are consistent with Bandeira et al [16] it 's study that patients with Type 2 DM with blood zinc status who showed poor glycemic control and Lou et al [8] who stated that patients with lower zinc levels might have diabetes duration longer, worse glycemic control and worse β cell function.
Zinc is vital to cell β, insulin action, glucose homeostasis and diabetes pathogenesis along with their complications [17] . Zinc is also important to pancreas to control the level of blood glucose. Insulin is stored in crystals as insulin-zinc complex. Thus, the concentration of zinc cell β pancreas is the highest in the body. Sufficient zinc supply is highly significant to the biosynthesis of insulin and its storage, especially should hyperglycemia occur [18] . Hyperglycemia lowers zinc level and increases excretion of urine due to interference in zinc reabsorption through kidneys. [19] . Human's zinc concentration is tightly regulated and the correlation between zinc homeostasis interference and diabetes mellitus is marked with high blood glucose concentration as a result of secretion decline and insulin action [20] .
Significally lower zinc concentration on DM patients than non-DM is unrelated with the lower zinc intake. The duration of DM is also an impact on zinc concentration in the blood [7] . Type 2 DM is characterized by significant loss of important micronutrients because of the basis of disease metabolites and their complications. Several changes in the level of micronutrient substance may impose negative impacts on glucose homeostasis and insulin sensitivity on type 2 DM and may also start disease complications [21] .
CONCLUSION
The research concluded that there was a significantly negative correlation between physical activities and levels of zinc serum with fasting blood glucose. The less frequent of physical activities and lower levels of zinc serum, the higher the fasting blood glucose gets. Furthermore, there was no significant correlation between BMI (Body Mass Index) and fasting blood glucose of type 2 Diabetes Mellitus patients. Due to the exclusion of waistline measurement to determine obesity, a comparison between general obesity and central obesity to find which of them is more related with the level of blood glucose is not available.
The research result provided some recommendations for type 2 DM patients such as performing physical activities as suggested by PERKENI (Association of endocrinologists of Indonesia) involving a 3 -5 times per week exercise for 30 -45 minutes of totally 150 minutes per week, as well as controlling their body weight to avoid central obesity to keep their blood glucose normal. It is also necessary that zinc check be done on type 2 DM patients to prevent further complications due to zinc deficiency by for instance giving supplements.
